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Optimization Design of PCM-Air Cooling Coupled Lithium-ion
Battery Cooling System
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(School of Mechanical Engineering, Yangzhou University, Yangzhou 215000, China)

Abstract: In view of the poor cooling effect on a lithium-ion battery module (LIBM) when using one single
cooling method, a phase change material (PCM)-air cooling coupled battery cooling system was proposed. First, the
influences of different inlet air velocities (IAVs), battery gaps (BGs) and inlet air temperatures (IATs) on the highest
temperature and maximum temperature difference of LIBM were discussed. Second, with the IAV, BG and IAT as
design variables and the highest temperature and maximum temperature difference as objective functions, the design
variables and objective functions were numerically fitted by a response surface model. Third, the non-dominated sorting
genetic algorithm-II is used to optimize and predict the response surface model. Finally, the optimization and prediction
results were verified by simulations based on computational fluid dynamics. Results show that the optimized cooling
system can reduce the highest temperature in LIBM by 4.68 'C (13.8%) and the maximum temperature difference by
0.57 ‘C(30.3%).
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Fig. 1 PCM-air cooling coupled battery cooling system
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Tab. 1 Properties of n-eicosane

2K %A
B /(kg'ml ) 79x10*
SHEH/[W-(mK) "] 0.23
IERBS /(KT kg ) 170.3
FE/eC 37
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Fig. 2 Setting of variable parameters used in simulations
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Fig. 4 Comparison of simulation results under

different IAVs
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different IATs
3 REARZSHMANK

3.1 RUmBERERIEIT

FIEARR LIBM YRR 33.83 °C, ek
250 1.88 °C, Jyiil FREAE A HIERE,
YRR RGESHEHA T B eSS i A T
BUER Gy, EBREA SR AT BT, X5
AT 7 TR RSM(response surface model {5,
WAL =0.95 J5, #47 NSGA-II 92 HARIL
1k, wRim R TR LA R e, SOR
AT R 22 <5%, FAARRARE 7 B,
3.2 RSM #3L

RSM J& 1 Pl SEA RS, LAIBA S5 RN
Wt , k2SR B 5 H bR R OC
#, HAWERS ., AR s D K
s AT R

y:ﬂo +zﬂl)§ +Zﬂn+i)§2 +Zﬂ2n+i)§3 +eet
i=1 i=1 i=1

Shxx iz ()



5 6 1] T, 55 PCM-WUHEG AL e S R G et 285

Kb §AWRIAGERUA; Bov Siv Prris Bonvive
Bi HEHEREL
(PeM-Rt M b HI R iR )

P AR e SRS AR B
F

| |
| Esgasm. ks |
| |
| |

|

CENGh 284814
NIRRTV

——
| RSMEBMABA

v ¥l v

7w

B IAEAC R

BIAME=0.957
2

NSGA-T ZHRfidt |

AL TN 2% < 5%7

E7 SHMRULRE
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Tab. 3 Ranges of parameter values
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PEEER 0.954 96, B RIRZEIHLA IR 0.979 96,
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Fig. 8 Results optimized by NSGA-II algorithm
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